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Historic Property Inventory From
The 1706-KER Building
Continuation Sheet

Statement of Significance, continued

The 1706-KER Building, also referred to as the Reactor Loop Testing Building and the Recircultaion Test Facility, was designed to
provide high purity oxygen free water at the desired pH for the KER in-reactor loops (HW-62911). It is 180 feet west of the 1706-KE
Building and adjacent to the 105 KE Reactor.  It was designed in 1952 with construction starting in 1954 and completed in 1955.  In
1957, piping revisions were made to allow recirculation of organic coolants (HW-56912).  The facility operated from 1955 to 1971
(WHC-SP-0331).

The facility was part of  the KER-Loop testing system that consisted of four high temperature, high-pressure, through-pile loops
located at the KE-Reactor.  Each loop was housed in a separate underground cell in the KER Building.  In 1957, three of the four
loops were put into service.  The fourth was put on line a year later.  The loops contained trip valves capable of  shutting down the
reactor if the pressure, temperature, or flow rates of the loops exceeded specifications.  The loops were designed to perform
experiments to test a variety of possible future reactor fuel elements under prototype conditions of temperature, pressure, coolant flow
rates, water quality, and heat generation rate.  Each loop consisted of high-pressure zircaloy-2 process tubes that run front to rear in
the high flux region of the KE Reactor (HW-6444RD).  Charging and discharging of the loops occurred during reactor outages and in
general loop operations.

The KER-Building contained a ground floor and basement to house and undertake the testing procedures.

GROUND FLOOR

The main floor is 14 feet high constructed of reinforced concrete.  The above ground portion of the building is 80 feet long by 28 feet
wide and was constructed of a steel framework covered with corrugated asbestos with an asphalt and gravel roof.  The ground floor
contained the equipment for ventilation, process controls, switchgear cabinets, battery room, and an area that contained equipment for
personnel radiation exposure control.
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Ventilation

The ventilation system consisted of two supply and exhaust fans that moved air from clean to contaminated areas.  Supply fans were
located next to the office space and exhaust fans were located on the north end of the KER tunnel (HW-4500).

BASEMENT

The basement is 14 foot deep by 80 feet long by 65 feet wide.  The outer walls of the building were constructed of cement, two feet
thick.  Inner walls, four feet thick, divide the building into six sections.  Four cells, 40 feet by 18 feet each, extended the length of the
building.  Each basement cell contained two electric driven, high-pressure transfer pumps, a mock-up process tube, heat exchangers,
and auxiliary piping.  The cells were designed to allow process water to circulate through four process tubes in the KE-Reactor, or
through the mock up tubes.  In the event of a power failure, the two transfer pumps provided a backup system.  The four cells were
shielded and housed water treatment, heat exchanger, pumping and remote instrument equipment for each of the four 105-KE in-
reactor loops.  The loop piping extended about 300 feet through a tunnel to the reactor.

The north side of the basement had an 8-foot wide corridor running the full length of the building between the outer wall and the cells.
The south wall contained a similar feature six feet wide that opened into a 14-foot square laboratory.  From the north corridor an
underground pipe tunnel extended north and east connecting with the 105-KE Building.  An underground cell 71 feet long by 7 feet
wide was located adjacent to the north corridor. It was designed as an emergency tank storage area.

Twelve thousand cubic yards of materials were removed for construction of the building.  Construction materials included 7,950 cubic
yards of concrete, 106 tons of reinforcing steel, 25 tons of structural steel, and 3,000 square feet of corrugated siding.  The
construction and equipment expenses for the Recirculating Test Facility amounted to $549,777 (HW-24800-103).

In 1963, the decontamination and hot maintenance shop were added to the building.  The addition was made to the existing building
on the north and west sides.  The new addition was 54 feet north/south by 22 feet on the north end by 8 feet on the south end.

OPERATIONS OF THE KER FACILITY

The 1706-KER Loops consisted of four high temperature, high pressure, through-pile loops located at the KE-Reactor. The in-reactor
loop piping terminated adjacent to the 105-KE Reactor process tube pattern.  Two parallel tubing runs connected each loop riser pipe
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to a specific  KER process tube (HW-72996) (Figure 2 and 3).  The loops were developed to test a variety of possible future reactor
fuel elements under advanced fuel element designs.  Tests were performed for prototype conditions for temperature, pressure, coolant
flow rate, water quality, reactor flux, and heat generation rate.

The KER-Loop system contained four process tubes designed for service conditions of 2,200-psi pressure and 600 degrees Fahrenheit
(HW-72996). Water for the KER facility was obtained from the KE Area filter effluent flumes (HW-62911).  Loop-1 was constructed
of Schedule 160 carbon steel piping and Loops-2, 3, and 4 were constructed of Schedule 80 type 304 stainless steel piping.  Loops 3
and 4 were equipped with Zircaloy-2 process tubes and were later used to irradiate N-Reactor fuel elements.  Heat generation rates of
the Loops were determined by the capacity of the heat exchangers. The capacity of Loops-1 and 2 was about 2250 kw and about 3800
kw for 3 and 4.  Two pumps provided recirculation cooling.  If the recirculation cooling capability were lost a _-inch port size dump
valve automatically opened to depressurize the loop and establish a once-through cooling of the fuel charge with reactor cooling water
(HW-74095).

The flow path of the loops included: 1) reactor tube, 2) rear face and effluent tunnel piping, 3) KER tunnel and north corridor, 4) cell
piping, and 5) piping north corridor to front face.  Each path is summarized below.

Reactor Face

The reactor tube in each loop was in a large diameter front to rear channel capable of containing pipe up to 2.5 inches outside
diameter.

Rear Face and Effluent Tunnel Piping

Special high-pressure nozzles connected the loop piping to the rear face of the reactor.  Two one-inch diameter stainless steel tubes
that crossed the rear face of the reactor to the near side connected the nozzles.  From the near side, the nozzles joined the Y-block by
two and one-half inch piping.  From the rear face, the piping went to the downcomer area, through the dividing wall into the effluent
tunnel, along the ceiling of the effluent tunnel and into the intersecting KER tunnel.
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KER Tunnel and North Corridor

After entering the effluent tunnel the effluent lines went past delayed neutron rupture  detectors then on to a dump valve that was
connected to the reactor effluent when the loop was not on recircultaion.  Piping continued through the tunnel to a strainer and bypass.
From the strainer it entered the cell piping.

Cell Piping

The cell piping was designed to obtain out-of-pile information at about the same conditions of temperature, pressure and water quality
as the reactor encountered.  After leaving the mock-up tubes, the flow traveled to another 3-way valve that would either bypass or
route flow through the primary heat exchanger.  The heat exchanger controled the system operating temperature.  After leaving the
heat exchanger the water traveled to the intake of the system pumps where the pressurizer was connected to the system.

Piping-North Corridor to Front Face

Once the pipe entered the north corridor it continued back to the effluent tunnel to a point opposite the Ball 3X Room in the 105 KE
Reactor  Building.  The piping continued into a Y-block where the flow was divided into two one-inch tubing crossheaders and
continued across the front face to the nozzle connections (HW-4500).

INSTRUMENTATION

Instrumentation for the KER facility consisted of six primary control systems that included: 1) No.1 Heat Exchanger Outlet
Temperature, 2) Degasifier Tank Liquid Level, 3) Degasifier  Tank Pressure, 4) No. 2 Heat Exchanger  Outlet Temperature, 5) Ion
Exchanger Circulation Flow, 6) Storage Tank Liquid Level (HWS-7140).  A brief description of the instrumentation system is
provided below.

No. 1 Heat Exchanger Outlet Temperature

The system was designed to control the temperature of the water at the inlet to the degasifier spray nozzle.  As water temperature
increased output air pressure decreased closing the control valve thus decreasing the temperature to its previous setting.
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Degasifier Tank Liquid Level

The degasifier controlled the liquid level in the degasifier tank to maintain a constant water-steam interface between the top of the
steam coils and the top of the tank.

Degasifier Tank Pressure

The degasifier tank pressure system was mounted on the bottom of the degasifier and was used to heat water for degasifying purposes.
Steam formed in the vessel, which allowed it to reach about 5psi.  The controller regulated the degasifier pressure by adjusting the
quantity of steam that passed through the coil.

No. 2 Heat Exchanger Outlet Temperature

The system was designed to control the heat exchanger outlet temperature to maintain  readings that would not damage the resins in
the ion exchangers.

Ion Exchanger Circulating Flow

The system controlled the recirculating flow of water through the ion exchangers and the storage tank.

Storage Tank Liquid Level

The system was designed to maintain the storage tank level at desired values and to sound an alarm in the event of low liquid levels in
the tank (HWS-7140).

A protection system was installed which was designed to protect the reactor and the loop equipment in the event of improper operation
or equipment malfunction.  The instrumentation for the system was located in the 1706-KE and the 105-KE buildings and was referred
to as the loop shutdown control system.  To prevent catastrophic accidents in the event that the loops failed, the KER loops were
connected to the reactor safety circuits.  If the loops failed, the reactor would automatically shutdown.
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EXAMPLES OF OPERATIONAL TESTING

In 1959, Project CGI-839, Modification to Fuel Element Test Facilities was proposed to test NPR size fuel elements in the KER
recirculating loops.  The objective of the project was Òto define the functional and operational requirements of the facilities to be
modified and to outline the general descriptions of the proposed equipmentÓ (HW-60747).  The project included loop modification,
improvements to the process heat exchanger raw water back-up pumps, emergency process back-up water piping, water sampling
facilities, new Hot Maintenance and Decontamination Room Building addition, coincidence rupture detection instrumentation, new
process tube and nozzle assembly for loops No. 3 and 4, and remote monitoring of process pump instrumentation.

In 1960, a study of the KER Loops was performed to determine the safe operation of the loops and better understand the similarities
between the KER Loop and the NPR Loop and the hazard potential.  Possible accidents with potentially serious consequences were
studied which included:

§ fuel element burnout or melting
§ opening of a dump valve during recirculation operation
§ loss of coolant flow to the loop primary heat exchangers
§ coolant loop rupture, including process tube rupture
§ loss of one or more recirculation pumps, rupture of a pressurizer rupture disk
§ reactor power excursion.

The study concluded that with the exception of a severe coolant loop rupture indicent, the loops did not possess serious hazards
potential if changes in the pressurizer piping and operating procedure were made.  The change would reduce the hazards potential
from bursting of a ruptured disk or a severe pressurizer steam leak.  The study went on to state that a single component failure would
not scram the reactor in the absence of a scram condition, and would not prevent a scram in the presence of a scram condition (HW-
63785).

In 1962, Project CGI-839, initially proposed in 1959, began. The modification to the KER Loops  No. 1, 2, 3, and 4 were designed to
increase the flow and heat transfer capacity of the Loops to allow in-reactor testing of prototype NPR fuel elements and other fuel
elements.  The original 1955 code design of Loops No. 1, 2, 3, and 4 were for service conditions of 2,200 psi and 600 F. temperature.
In 1959, the code was revised  and a lower stress value for the 304 stainless steel materials were accepted.  The project required the
replacement of Loop piping to meet code requirements (HW-72996).
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Additional testing  performed in 1962 examined heat transfer calculations to determine the effect of varying system temperature
distributions  in the process tube wall of the KER Loop No. 1 (HW-74577).

In 1963, the KER Loops were used to conduct tests for fuel, coolant, and corrosion for the N-Reactor program.  Modifications were
made to Loops 3 and 4 that included N-size Ar-2 process tubes for sufficient pumping and heat dissipation capacity to allow testing of
N-fuels.  Modifications were also made to Loops 1 and 2 that included the fitting of Zr-2 process tubes of 2.1-inch inner diameter.
The small loops were used to test charges of N inner tubes  or other elements with an outside diameter of 1.8-inches or less.  Loops 1
and 2 allowed for hot water testing conditions for N-inner tubes.  The modifications to the Loops provided a testing for N-fuel
environmental conditions and hot water testing conditions (HW-77091).  The facility was closed in 1971.

CONCLUSION

The  1706-KER Building was a two story facility designed to provide high purity oxygen free water at the desired pH for the KER in-
reactor loops.  The facility was part of the KER-Loop testing system that consisted of four high temperature, high-pressure through-
pile loops located at the KE-Reactor.  Each loop was housed in a separate underground cell in the KER Building and were developed
to test a variety of possible future reactor fuel elements under advanced fuel element designs.  Tests were performed for prototype
conditions for temperature, pressure, coolant flow rate, water quality, reactor flux, and heat generation rates.

It is the conclusion of the U.S. Department of Energy that the 1706-KER Building is eligible for inclusion in the National Register of
Historic Places under Criterion A as a contributing property within the Hanford Site Manhattan Project and Cold War Era Historic
District.
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